Vascular disease is included in a risk scoring system to predict stroke in patients with non-valvular atrial fibrillation (AF). This post hoc analysis of ROCKET AF aimed to determine the absolute rates of stroke and bleeding, and the relative effectiveness and safety of rivaroxaban vs. warfarin in patients with and without peripheral artery disease (PAD). Peripheral artery disease was defined on the case-report form as the presences of intermittent claudication, amputation for arterial insufficiency, vascular reconstruction, bypass surgery, or percutaneous intervention to the extremities, or previously documented abdominal aortic aneurysm.
Introduction
Vascular disease as defined by prior myocardial infarction (MI), peripheral artery disease (PAD), or aortic atherosclerotic plaque was recently incorporated into an updated risk score (CHA 2 DS 2 -VASc risk score) for stroke in patients with non-valvular atrial fibrillation (AF). 1 -5 The incorporation of vascular disease into the risk stratification of AF patients has some limitations. First, fewer than 6% of the 1000 patients in the CHA 2 DS 2 -VASc validation cohort actually had PAD. 1 Secondly, few reports have evaluated the prognostic significance of PAD independently and in these studies, patients were not treated with oral anticoagulation at baseline. 1, 5 Thirdly, the use of anti-platelet therapy is generally accepted in patients with PAD, especially if patients are symptomatic (intermittent claudication or critical limb ischaemia). 6 -8 Owing to these factors, an evidence gap exists surrounding the prognostic significance of PAD in patients with AF and the efficacy and safety of concomitant anti-platelet and anticoagulant medications in PAD patients with AF, and the optimal combination of antithrombotic medications is unknown. 3, 4, 9 In the Rivaroxaban Once daily, oral, direct factor Xa inhibition Compared with vitamin K antagonism for prevention of stroke and Embolism Trial in Atrial Fibrillation (ROCKET AF) study, rivaroxaban was non-inferior to warfarin for the prevention of stroke and systemic embolization and similar to warfarin in rates of major or non-major clinically relevant (NMCR) bleeding. 10 In this substudy of ROCKET AF, we sought to describe the rate of efficacy and safety outcomes in patients with and without PAD, and evaluate the relative effectiveness and safety of rivaroxaban vs. warfarin in patients with and without PAD.
Methods
The design and methods of the ROCKET AF trial have been previously described. 10, 11 In brief, ROCKET AF was an international, multi-centre, double-blind, double-dummy randomized-controlled trial in patients with non-valvular AF and a moderate-to-high risk of stroke based on the CHADS 2 risk score of at least 2. 9 Patients were randomly assigned to rivaroxaban 20 mg daily (15 mg daily in patients with creatinine clearance 30 -49 mL/min) or dose-adjusted warfarin [target international normalized ratio (INR) 2.5, range 2.0-3.0]. Patients were excluded from ROCKET AF if they had prosthetic heart valves, haemodynamically significant mitral stenosis, creatinine clearance ,30 mL/min, or a recent stroke or systemic embolic event, or were at risk of bleeding. 11 The study protocol was reviewed and approved by the institutional review board or ethics committee at each participating site and by the coordinating centre's institutional review board. All the patients were required to provide written, informed consent before randomization.
Definition of peripheral artery disease
Patients with a history of PAD as determined by the site investigator and documented on the case-report form were included in the PAD cohort. On the case-report form instructions, PAD included intermittent claudication, amputation for arterial insufficiency, vascular reconstruction, bypass surgery, or percutaneous intervention to the extremities, or previously documented abdominal aortic aneurysm. If patients did not have a diagnosis of PAD, they were included in the no-PAD cohort. The presence of carotid artery stenosis was captured separately and was not counted as PAD.
Outcomes
The primary efficacy outcome was stroke or systemic embolism. The secondary efficacy outcomes included all-cause death, MI, and the composite (and individual components) of stroke, systemic embolism, or vascular death. Efficacy endpoints were measured until the time of site notification of study termination. The primary safety endpoint was a combination of major or NMCR bleeding. Bleeding events involving the central nervous system that met the definition of stroke were designated as haemorrhagic strokes and included in both the primary efficacy and safety endpoints. All events were adjudicated using pre-defined endpoint definitions by an independent clinical events committee that was blinded to treatment assignment.
Statistical analysis
The current analysis was not a pre-specified subgroup analysis. The intention-to-treat (ITT) study population was used for all efficacy outcome analyses. Safety endpoints were analysed using the on-treatment population (patients who were randomized and received at least one dose of the study drug). We used Cox proportional hazard models to assess the association with risk of outcomes for (i) patients with PAD vs. patients without PAD and (ii) rivaroxaban vs. warfarin within subgroups of patients with and without PAD. All models included a term for the interaction between randomized treatment and PAD, as well as covariates identified as predictive of outcomes by modelling in the full ROCKET AF cohort. For efficacy outcomes, these covariates were age, gender, BMI, geographic region, diabetes mellitus, prior stroke/TIA, prior MI, carotid occlusive disease, CHF, hypertension, chronic obstructive pulmonary disease, paroxysmal AF, diastolic BP, creatinine clearance (Cockcroft -Gault equation), heart rate, and abstinence from alcohol use. For safety outcomes, these covariates were age, gender, geographic region, prior stroke/TIA, anaemia, prior GI bleed, chronic obstructive pulmonary disease, diastolic BP, creatinine clearance, platelet count, albumin, prior aspirin (ASA), vitamin K antagonist, or thienopyridine use.
Categorical variables are summarized as percentages (counts), and differences were tested with the Pearson x 2 test; continuous variables are summarized as median (25th and 75th percentiles); and differences were tested with the Wilcoxon rank-sum test. Outcomes are presented as events per 100 patient-years. Risk relationships are presented as adjusted hazard ratios (HR) with 95% confidence intervals (CI) derived from the adjusted Cox models. The time to event for each group was assessed by the Kaplan-Meier method.
A level of significance of P , 0.05 was pre-specified. All analyses were performed with SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA). ROCKET AF is registered with ClinicalTrials.gov, number NCT00403767.
Results

Study population
A total of 14 264 patients with AF from 1178 centres in 45 countries were randomly assigned to treatment in ROCKET AF between 18 December 2006 and 17 June 2009. From the total trial population, 839 patients (5.9%) carried a diagnosis of PAD at study entry. Of these patients, 17% had previously undergone surgical revascularization for PAD and 14% had previously undergone peripheral angioplasty without stenting. Baseline demographic and clinical characteristics of study participants with and without PAD are shown in Table 1 . Subjects with PAD were older, more likely to be male, have a higher CHADS 2 score, and more likely to have a prior diagnosis of diabetes mellitus, MI, heart failure, or chronic obstructive pulmonary disease. In terms of prior medication use, subjects with PAD had a higher use of vitamin K antagonist, angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, beta-blocker, and diuretic at baseline. Baseline ASA, clopidogrel, and any anti-platelet agent (ASA, clopidogrel, or dipyridamole) use was observed in a higher proportion of PAD patients but was not statistically different between groups. At 1 year and at the time of study medication discontinuation, more patients with PAD when compared with no PAD were taking daily ASA, clopidogrel, and any anti-platelet agent (ASA, clopidogrel, or dipyridamole) ( Table 2) . The median exposure to study drug was 564 days (25th -75th percentiles 356 -785) in patients with PAD and 592 days (25th -75th percentiles 401 -808) in patients without PAD. The median duration of follow-up was 730 days (25th -75th percentiles 575 -897) in patients with PAD and 718 days (25th -75th percentiles 551-884) in patients without PAD. Complete follow-up for vital status was achieved in 14 232 patients (99.8%). Among patients with PAD who were assigned to warfarin, the median proportion of time in the therapeutic INR range (including periods after initiation and temporary discontinuation of therapy) was 59% (25th-75th percentiles 45-72%) compared with 58% (25th -75th percentiles 43-70%) for patients without PAD.
Outcomes in patients with and without peripheral artery disease
The overall rate of stroke or non-CNS systemic embolism was not statistically significantly different among patients with PAD compared with those without PAD (2.41 vs. 2.09 events/100 patient-years; adjusted HR: 1.04, 95% CI: 0.72-1.50; P ¼ 0.84, Table 3 ). The overall rate of major or NMCR bleeding was also not statistically significantly different among patients with PAD compared with those without PAD (17.81 vs. 14.54; HR: 1.11, 95% CI: 0.96-1.28; P ¼ 0.17, Table 3 ).
Rivaroxaban vs. warfarin in patients with and without peripheral artery disease
The relative effect of rivaroxaban compared with warfarin on the primary efficacy outcome was similar in patients with PAD (HR: 1.19, 95% CI: 0.63-2.22) and without PAD (HR: 0.86, 95% CI: 0.73 -1.02) (P ¼ 0.34 for interaction, Table 4 and Figures 1 and 2 ) . No differences in treatment effect were detected between patients with and without PAD for any of the secondary efficacy endpoints.
The relative risk of rivaroxaban compared with warfarin for the primary safety endpoint of major or NMCR bleeding was significantly higher in patients with PAD (HR: 1.40, 95% CI: 1.06-1.86) than without PAD (HR: 1.03, 95% CI: 0.95 -1.11; interaction P ¼ 0.037). There was a non-statistically significant trend towards a higher risk of major bleeding with rivaroxaban compared with warfarin in patients with PAD (HR: 1.76, 95% CI: 1.04-2.95) than without PAD (HR: 1.03, 95% CI: 0.89-1.19; interaction P ¼ 0.053) ( Table 4) . This was the result of bleeding events adjudicated as major because of drops in haemoglobin levels or transfusions of packed red blood cells. There were only two fatal and five intracranial bleeding events in PAD patients.
Discussion
This subgroup analysis of patients with PAD in the ROCKET AF study identifies three major findings. First, subjects with PAD and AF did not have a significantly higher risk of stroke or systemic embolism when compared with AF subjects without PAD. Secondly, the treatment efficacy of rivaroxaban when compared with warfarin in patients with PAD was consistent with that in patients without PAD. Thirdly, patients with PAD treated with rivaroxaban had a higher relative hazard of major or NMCR bleeding than patients with PAD treated with dose-adjusted warfarin, a finding that was not consistent with the main trial findings. This result was driven by bleeding events that led to drops in haemoglobin of ≥2 g/dL or transfusions of ≥2 units. There were very few fatal or intracranial haemorrhage events among patients with PAD. Vascular disease, including PAD, is now included as a risk factor for stroke or systemic embolism in certain practice guidelines. 1, 5, 12 We observed that PAD patients in the ROCKET AF trial had a virtually identical-adjusted risk of stroke and systemic embolism as patients without PAD (adjusted HR: 1.04, 95% CI: 0.72-1.50, P ¼ 0.84). Further, the risk of major or NMCR bleeding was very similar among patients with vs. without PAD (adjusted HR: 1.11, 95% CI: 0.96 -1.28, P ¼ 0.17). Our second major finding, no difference in treatment efficacy based on the presence or absence of PAD, is of note. Rivaroxaban was found to be non-inferior to dose-adjusted warfarin in the entire ROCKET AF study population, 10 findings that were similar in the current subgroup analysis. The consistency of the current findings with the overall trial results should provide a measure of confidence to clinicians that rivaroxaban can be used to prevent stroke and systemic embolism in patients who prefer not to take warfarin or are poor candidates for long-term warfarin therapy. A cause for concern is the finding that there was a treatment interaction in PAD patients for the primary safety endpoint of major or NMCR bleeding. This suggests that patients with PAD assigned to rivaroxaban may have more bleeding than those PAD patients assigned to warfarin. However, these results are derived from post hoc subgroup analysis and should be interpreted as hypothesis-generating rather than definitive. Importantly, there were no fatal bleeds among rivaroxaban-treated patients with PAD. Excess bleeding events on rivaroxaban were the result of non-fatal mucosal bleeding (i.e. epistaxis and gastrointestinal), a pattern seen among all patients in the ROCKET AF trial.
Limitations
There are multiple limitations of this subgroup analysis of a large, randomized-controlled trial. First, this is a post hoc analysis and the findings are not confirmatory, rather hypothesis-generating. Secondly, the percentage of patients with PAD (5.9%) and the total number of patients with PAD in ROCKET AF (n ¼ 839) limited our power to reliably detect differences and similarities. Furthermore, designation of the presence or absence of PAD on the case-report form rather than by symptomatic status (asymptomatic, intermittent claudication, and critical limb ischaemia) or haemodynamic abnormality (ankle brachial index value) could lead to inaccurate or inconsistent findings across a broad population of PAD patients. Additionally, the inclusion of patients with abdominal aortic aneurysm in ROCKET AF, while consistent with ACC/AHA guidelines at the time of study design, would be considered non-uniform in a contemporary definition of PAD. Our analyses comparing patients with and without PAD were not randomized and thus subject to residual confounding, despite multivariable risk adjustment. Finally, the ROCKET AF study enrolled patients at a high baseline risk for stroke and systemic embolism with .93% of patients having a CHADS 2 score ≥3, and the results may not be generalizable to the entire population of AF patients.
Conclusions
In this large randomized-controlled trial, the risk of stroke/systemic embolism and major bleeding/NMCR bleeding was similar between patients with and without PAD. Furthermore, there was no difference in the treatment efficacy of rivaroxaban or warfarin in patients with or without PAD. There was a treatment interaction for the primary safety endpoint (major or NMCR bleeding), suggesting that PAD patients treated with rivaroxaban may have a higher risk of bleeding when compared with warfarin that was not observed in non-PAD patients. However, risk of fatal and intracranial bleeding was very low among rivaroxaban-treated patients whether with or without PAD.
